Background: Despite efforts to increase participation in prenatal care, outcomes for women and infants in the United States remain below global and national health targets. CenteringPregnancy, a model of group prenatal care, incorporates practices consistent with national and international guidelines while allowing for greater freedom in providing content tailored to the specific needs of women receiving care. Objective: To determine whether the CenteringPregnancy model improves maternal and neonatal health indicators such as prenatal care attendance, smoking cessation, weight gain during pregnancy, gestational age at delivery, mode of delivery, and initiation and continuation of breastfeeding. Methods: A retrospective study was conducted including all pregnant women participating in CenteringPregnancy at two prenatal clinic sites in southwest Michigan from January 2010 to April 2012 (n = 173). A comparison group of women receiving traditional care from certified nurse-midwives was created using propensity scores to match for age, race, and insurance status (n = 170). A chart review was performed to analyze maternal and neonatal health indicators including attendance at prenatal visits, gestational age at delivery, baseline maternal weight and weight gain during pregnancy, smoking cessation, infant birth weight, mode of delivery (vaginal birth vs. cesarean section), and rates of breastfeeding. Results: There were no significant differences in pre-pregnancy weight, amount of weight gained during pregnancy, prenatal care attendance, gestational age at delivery, mode of delivery or infant birth weight. The R. Zielinski et al.
Introduction
By many measures the United States (US) continues to have less than optimal outcomes related to pregnancy and birth. The US ranks an estimated 46 th in infant mortality and 6 th in maternal mortality rates when compared with other countries [1] . While there has been a recent drop in prematurity rates, the US continues to lag behind all of the Western European countries when it comes to infants born prematurely or with low birth weight [2] . These poor outcomes persist despite spending more healthcare dollars per birth than any other country [3] . Racial and ethnic disparities in society and healthcare contribute to even greater rates of preterm births and other adverse perinatal outcomes within certain populations [4] .
Conventional wisdom held that prenatal care, widely implemented since the 1980s in the US, would be beneficial in improving maternal and neonatal outcomes. The traditional model of prenatal care utilized by most providers in the US has changed little since the 1930s. This model involves monthly visits until 28 weeks gestation, followed by appointments every two weeks until 36 weeks gestation, at which point the recommendation is one visit per week until delivery [5] . Typically these visits are short, lasting about 10 minutes and focus on risk assessment. Usually there is little education provided to pregnant women about health-promoting behaviors [6] . The effectiveness of this standardized approach of prescribed numbers of visits at prescribed times in the pregnancy has been called to question for "operat(ing) under the assumption that all women will benefit from routine, ritualized medical encounters" ( [5] p. 279). Prenatal care is intended to be a valuable form of preventative healthcare that reduces the risks of eclampsia, low birthweight, prematurity, and infant mortality, while educating the mother about appropriate health-promoting behaviors. However most research on prenatal care has focused on attempting to establish a causal and dose-dependent relationship between the number of visits and the health outcomes, leaving out a very important consideration; the actual content of care is provided in those visits [7] .
CenteringPregnancy is an innovative model of prenatal care involving group visits that maintain the risk assessment components of prenatal care while providing greater opportunities for education and support during prenatal care visits [8] . CenteringPregnancy combines health assessment, education and support through a stable group composition and facilitated discussions (versus lecturing). Cohorts of 8 -12 women are formed, all of whom have similar estimated dates of delivery. These women meet monthly with their provider from approximately 12 -14 weeks gestation until around 35 weeks, and about every two weeks after that [8] . In 2012, the Institute of Medicine (IOM) issued guidelines for patient-centered care including allowing patients the opportunity to fully participate in their care and health decision-making [9] . The CenteringPregnancy model closely follows the IOM guidelines for prenatal care, including use of continuous, healing relationships and customization of care based on the patient's needs and values.
Since its inception, studies of CenteringPregnancy indicate that this model of prenatal care may result in improved outcomes for both mothers and infants. These benefits include: improved attendance at prenatal visits [10] - [13] , increased maternal weight gain [11] [12] , lower rates of preterm births [10] [13], increased satisfaction with prenatal care [10] [11] [13] , greater maternal knowledge of pregnancy [14] [15] , increased rates of vaginal delivery [12] , decreased reports of postpartum depression [16] , and higher rates of breastfeeding initiation [11] [17] . In some studies, participation in CenteringPregnancy resulted in increased maternal weight gain [11] [12] although whether or not more women in CenteringPregnancy achieved optimal weight gain based on prepregnancy BMI was not identified. Additionally, the CenteringPregnancy model of group care has been shown to be beneficial in preparing families for birth [18] .
In 2009 CenteringPregnancy was implemented in a certified nurse-midwifery (CNM), hospital-based practice located in southwest Michigan. Since implementation, pregnant women choosing CNM care are offered CenteringPregnancy at their initial intake visit conducted with a nurse. Participation in CenteringPregnancy is voluntary and is offered to all women who are no more than 20 weeks gestation and eligible for CNM (vs physician) care. The population in this community is estimated to be 82.8% Caucasian, 11.1% African American, 2.4% Asian, and 4.1% Hispanic [19] . At 7.2 per 1000 live births, Michigan's infant mortality rate is higher than the national average of 6.15 per 1000 [20] . Furthermore, in the county where most of the participants in this study reside, the infant mortality rate is even higher at 7.7 per 1000 [21] . The population in this county is at risk for undesirable pregnancy, birth, and infant health outcomes due to a high rate of poverty (18.6%), which is above both the national (15.0%) and state (15.7%) averages [22] . In the state of Michigan, approximately 27% of pregnant mothers smoke at the time of pregnancy diagnosis, with 11% quitting smoking when they discover they are pregnant and 15.9% still smoking during the third trimester [23] . The Michigan Department of Community Health conducted a survey in 2008 and found that the rate of breastfeeding initiation was 73.4% [24] , falling short of the Healthy People 2020 goal of 81.9% [25] . Exclusive breastfeeding at three months of age was only 31.0% in the state of Michigan [24] while the Healthy People 2020 goal for exclusive breastfeeding at three months is 42.2% [25] .
The suboptimal outcomes within this community indicate a need for intervention. An alternative model of prenatal care such as CenteringPregnancy has the potential to improve outcomes for women and infants. The purpose of this study was to explore the influence of CenteringPregnancy in this population of women and to identify whether the benefits found in prior studies will translate to this population. Additionally, we were hoping to see if additional benefits such as smoking cessation would be identified in this population. Specifically, we compared select pregnancy outcomes between women receiving traditional prenatal care and women participating in CenteringPregnancy in this nurse-midwifery practice to see if CenteringPregnancy could improve these outcomes. Variables explored in this study include: adequacy of prenatal care, weight gain during pregnancy, smoking cessation, gestation at delivery and breastfeeding initiation and continuation to six weeks.
Methods

Design and Data Collection
This study was a case-control retrospective study of CenteringPregnancy participants and a comparison group of women receiving traditional CNM care, matched on age, insurance and race using propensity score matching. Study data was generated through retrospective chart review of prenatal and intra-partum visit records. These records included initial prenatal visit with obstetric and health history as well as follow up visits, delivery records and post partum office visits. Structured abstraction forms were developed, piloted and revised by four of the five study investigators through an iterative, consensus-based process. Once finalized, three of the investigators completed the record abstraction. Institutional Review Board approval was obtained from both the university as well as the hospital where care was obtained. As this was a retrospective chart review with data entry and analysis conducted with de-identified data the requirement for informed consent was waived by the Institutional Review Boards.
Participants
Study participants delivered at the same hospital and received their prenatal care from one of two sites where both CenteringPregnancy and traditional care with CNMs was offered. During the study time period (from January 1, 2010 to April 30, 2012) 173 women received their prenatal care through CenteringPregnancy and delivered infants (the intervention group). Inclusion criteria for the comparison group were delivery at the same hospital and receiving traditional care with CNMs. During the same time period a total of 1427 women received traditional prenatal care from CNMs and delivered an infant at the same hospital. To produce a matched control group, logistic regression was conducted on the entire delivery population that produced a propensity score representing the likelihood of being a CenteringPregnancy participant based upon the matching criteria (e.g., age, insurance, race). Then, for each CenteringPregnancy participant, a traditional-care participant was selected who had the closest propensity score (i.e., was the closest match on age, insurance and race). It was not possible to conduct a randomized, controlled trial because women receiving care in this CNM practice self-select into either CenteringPregnancy or traditional care. Therefore, we utilized a matched comparison group (n = 170) using propensity scores in order to reduce the effects of age, insurance type (as a proxy for income) and race on the outcomes we wished to measure [26] . Group sizes were slightly dissimilar because three in the traditional care group were found to have not met all criteria on further analysis (not CNM care or delivering at the study hospital).
Variables and Statistical Analysis
Prenatal data collected included; pre-pregnancy weight, weight gain during pregnancy, gestational age at first prenatal visit, and self-report of ever smoking during this pregnancy and smoking cessation (at pregnancy diagnosis and later, during the pregnancy). Intra-partum data collected included; gestation at time of birth and mode of delivery (vaginal vs. cesarean section). We also collected data on breastfeeding initiation in hospital and continuation at the 6-week postpartum visit as well as attendance rates at the 6-week postpartum visit. Data were entered into SPSS version 18 and analysis included descriptive statistics, independent t-tests and Chi Square. All levels of significance were two tailed and set at p < 0.05.
Results
Mean age for the experimental group (CenteringPregnancy) participants was 24.2 years and the comparison group mean age was 25.5 (p = 0.497). In both groups the percentage of women having private insurance and those with Medicaid were nearly equal ( Table 1 ). The majority of the women were Caucasian (78.2% in the comparison group and 76.9% in CenteringPregnancy). We did not anticipate between-groups differences on these demographics because we intentionally matched on these three variables when forming the comparison group (Table 1) . Additionally, there was not a statistically significant difference in number of prior pregnancies with the mean parity of the comparison (traditional care) group being 0.78 prior births and the mean parity for the CenteringPregnancy group being 1.1 (p = 0.227). There were two women (1.2%) in each group who had experienced a prior preterm birth.
There was a significant between-groups difference in the gestation of pregnancy at first prenatal visit ( Table  2 ). The mean gestational age for the CenteringPregnancy group at first visit was 10.3 weeks versus a mean of 11.8 weeks for the traditional care group (p = 0.031). CenteringPregnancy participants were not statistically different from traditional care participants regarding number of prenatal visits. There was not a significant between groups difference in the number of women who self-reported smoking at time of pregnancy diagnosis (26% of those who chose CenteringPregnancy and 30% of those who chose traditional care, p = 0.272). There was, however, a significant difference in the percentage of women who quit smoking during pregnancy with 84% of participants in the CenteringPregnancy group and 24% of women receiving traditional care reporting smoking cessation during pregnancy (p < 0.000). The data was further analyzed to identify the proportion of women who quit smoking at pregnancy diagnosis versus those who quit during the course of their prenatal care. More women who subsequently chose CenteringPregnancy quit smoking at pregnancy diagnosis (69%) than those who subsequently chose traditional care (18%, p < 0.000). However, during the course of prenatal care 50% of the women who had continued to smoke past pregnancy diagnosis quit in the CenteringPregnancy group versus only 8% of those receiving traditional care (p < 0.000, Table 3) .
A similar proportion of women in both the CenteringPregnancy group (42%) and the traditional care group (41%) were considered of normal pre-pregnancy weight by Body Mass Index (BMI) category (18.5 -24.9). Four percent of women in both groups met the criteria for underweight (BMI less than 18.5). In the traditional care group 30% were overweight (BMI between 25 and 29.9) and 25% were obese (BMI 30 or greater). In the CenteringPregnancy group there were similar percentages with 29% overweight and 25% obese (Figure 1) . There was no difference in mean weight gained during pregnancy between groups (33.1 lbs. for CenteringPregnancy and 33.7 lbs. for traditional care, p = 0.841). Recent guidelines from the IOM include recommendations for weight gain during pregnancy based on BMI category prior to pregnancy [27] therefore the data was further evaluated based on these recommendations. The recommendations are that women who are underweight gain 28 -40 lbs., normal weight women gain 25 -35 lbs., women who are overweight gain 15 -25 lbs. and women who are obese gain 11 -20 lbs. [27] . Using the IOM guidelines for weight gain during pregnancy, there was no difference in women who gained the recommended amount of weight for their pre-pregnancy BMI category between groups (25% in Centering vs 28% in traditional care, p = 0.244). For both groups the largest category was women who gained more than the recommended amount for their BMI category (53% of the women in CenteringPregnancy and 49% of the women in traditional care, Figure 2 ).
To determine if there was a difference in rates of preterm birth, we compared the number of women who delivered prior to 37 weeks in the CenteringPregnancy and in the traditional care group. Ten infants were born prior to 37 weeks in each group, equaling 5.8% of the total births in the CenteringPregnancy group and 5.9% in the traditional care group. No significant difference was found in gestational age at time of delivery with a mean gestational age of 39.45 weeks for CenteringPregnancy participants and 39.5 weeks for traditional care participants (p = 0.736). Rate of Cesarean section in the CenteringPregnancy participants was 17% versus at 14% rate in the traditional care, a difference that was not statistically significant (p = 0.443). Indications for Cesarean delivery were not analyzed. Women participating in CenteringPregnancy were more likely to initiate breastfeeding during their hospital stay with an initiation rate of 79% versus a 60% rate of initiation in the hospital for the traditional care group (p = 0.001). More than half (54% of women) in the CenteringPregnancy group were still breastfeeding at 6 weeks postpartum (97/173) versus only 42% (72/170) of the women in the traditional care group (p < 0.000).
Discussion
Health indicators and behaviors such as maternal smoking, overweight/obesity, pregnancy weight gain and breastfeeding have the potential to influence pregnancy and infant outcomes. The purpose of this study was to determine if CenteringPregnancy resulted in improved health behaviors and outcomes in this population of women and infants.
Cigarette smoking is associated with negative effects such as low birth weight, placental complications and prematurity [28] . Rates of smoking cessation during pregnancy in Michigan fall short of national goals, negatively affecting both the mother's overall health as well as that of her infant [23] . The US Healthy People 2020 initiative [24] included these three goals: reduce the number of women who smoke prior to pregnancy to 14%, increase the number of women who stop smoking during pregnancy to 30%, and reduce the number of women who smoke during pregnancy to 1%. Clearly there needs to be further improvement in smoking cessation rates if we are to meet these goals. There was a significant improvement in the rate of smoking cessation in the CenteringPregnancy group versus the women receiving traditional care. Some of this difference may be attributed to a priori differences in the personal characteristics of women who chose CenteringPregnancy. A larger proportion of this group (versus the traditional care group) stopped smoking before they even began prenatal care. This hints at the possibility of a potential between groups difference that is not controlled by matching on demographic variables as we did. It is possible that women who already possess greater health-related self-efficacy are more likely to both quit smoking and select CenteringPregnancy for their prenatal care. Even so, there were significantly more participants who quit smoking during their prenatal care in the CenteringPregnancy group, indicating that the additional education and social support offered in this model of prenatal care could be beneficial in increasing prenatal health behaviors such as smoking cessation. To our knowledge this is the first study of CenteringPregnancy to find an improvement in smoking cessation during group prenatal care.
Overweight/obesity is also a significant health issue among women of childbearing age. More than a third of women 20 or older in the US are obese, with a similar percentage classified as overweight [29] . Too little weight gain during pregnancy is associated with low birth weight and fetal growth restriction while gaining too much weight during pregnancy is associated with gestational diabetes, large for gestational age infants and subsequent delivery complications [30] . While the benefits of appropriate weight gain in pregnancy are well documented, many women report receiving little or no guidance from healthcare providers about weight gain while pregnant [31] . Prior research has indicated that CenteringPregnancy participation resulted in an increase in weight gained during pregnancy. In this study population there was not a between groups difference in either the amount of weight gain or in percentage of women who gained the optimal amount of weight based on their pre-pregnancy BMI category. Furthermore, a significant number of women in both groups gained more than the recommended amount of weight. Recent evidence suggests that excessive weight gain may result in less than desirable out-comes including increased rates of gestational diabetes and cesarean birth [32] . This finding indicates that prenatal care should include greater emphasis on weight gain recommendations and education on nutrition and exercise during pregnancy than what is currently provided.
The US also falls short on national breastfeeding goals. There are numerous benefits associated with breastfeeding, including fewer incidences of ear infections, gastroenteritis, and other infections as well as decreased incidence of Sudden Infant Death Syndrome [33] . Additionally, breastfeeding is associated with a long-term decreased risk of obesity for the infant and improved glucose metabolism and cardiovascular health in the breastfeeding mother [34] . While the most recent data indicates that the majority of women in the US start out breastfeeding their infants (76.9%), rates of exclusive breastfeeding and rates of breastfeeding at 12 months remain low. Despite an abundance of evidence to support breastfeeding, only 43.0% of infants are fed any breast milk at six months and breastfeeding rates at one year decrease to 22.4% [35] . The results of this study indicate that CenteringPregnancy participants had higher rates of breastfeeding. Significantly more women in the Centering Pregnancy group initiated breastfeeding prior to hospital discharge compared with the traditional care group. These findings are similar to prior studies of CenteringPregnancy that have demonstrated improved rates of breastfeeding initiation [17] . Because this study included data from the 6 week postpartum visit, it was also established that there was a significant between-groups difference in the number of women who continued breastfeeding their infants for least six weeks. Prior studies have shown that many women who discontinue breastfeeding often do so in the first few weeks [36] , therefore this is an important finding.
In this study women who participated in CenteringPregnancy were earlier in their pregnancy gestation at the time of first prenatal visit. This difference is likely due to the exclusion of women from participating in CenteringPregnancy if they present to prenatal care later than 20 weeks gestation at this CNM practice. Prior research has shown that CenteringPregnancy programs have improved attendance at prenatal visits versus traditional prenatal care. While our results did not find this difference, it may be because both groups of women had relatively high rates of attendance at prenatal visits. CenteringPregnancy requires a larger time commitment for visits (two hours per visit) as well as more structured time and date parameters. These results indicate that these factors do not detract women from attending their prenatal care visits.
In this study there was no difference between groups in gestational age at delivery or the number of preterm births. Prior studies have demonstrated an improvement in preterm birth with participation in CenteringPregnancy. The low rates of preterm birth overall when compared to national rates of preterm birth may be attributed, in part, to the criterion for CNM care in this practice. Women in this practice typically are transferred to physician care if they are considered high risk for preterm birth (multiple gestations, history of multiple preterm births, etc.).
The results of this study must be viewed in light of its limitations. In the care practice where this study was conducted, CenteringPregnancy is optional and offered to all women who present for care with CNMs, eliminating the possibility of randomization. Despite an attempt to control for this by using a matched control group, there may be some differences between groups as a result of this study design. The type of data available for collection was limited by the use of retrospective chart analysis. Rates of smoking cessation were based on women's self-report, and no physiologic measures of nicotine use were included in the study. Therefore it is possible that women in the CenteringPregnancy group felt more pressure to report cessation of smoking in the peer setting versus the individual setting with a care provider only. Additionally, self-report is not always the most reliable source of information. Variables such as patient satisfaction, self-efficacy and social support were not available for collection due to the study design. While the sample size used was sufficient for most analyses, larger samples in future studies could result in significant differences in variables such as preterm birth that were not detected in our study due to the relatively low percentage in both groups. According to policy at this health center, all women who qualify for midwifery care are to be offered the opportunity to participate in CenteringPregnancy. It is not known how consistently this is offered as an option in practice.
Conclusions
In recent years, the United States has made modest strides in improving pregnancy, birth, and post-natal outcomes for women and babies. Efforts have been made to improve the delivery and content of prenatal care that is provided for women and families. In prior studies, CenteringPregnancy is one model of care delivery that has shown promise toward improved maternal and infant outcomes. This retrospective chart review was undertaken with the intention of determining if CenteringPregnancy would be effective in this study site in improving select prenatal and birth outcomes for women and babies.
This study provides additional support for the use of CenteringPregnancy as an alternative method for prenatal care delivery. Our findings suggest that CenteringPregnancy may have a positive effect on health-promoting behaviors, including an increase in smoking cessation and increases in the rates of initiation and continuation of breastfeeding. While these findings are promising, thorough research on CenteringPregnancy is lacking, and larger studies are needed to determine if the effects of CenteringPregnancy found in this study are possible in other settings. Future studies across diverse populations of both women and healthcare providers will be beneficial. Whether CenteringPregnancy results in improved self-efficacy for health related behaviors and improved perceived social support is also of interest. Inclusion of partners and families as participants in CenteringPregnancy research should be considered for future research. As the US moves toward increasing access to care while decreasing healthcare expenses, group approaches such as CenteringPregnancy are a potentially valuable alternative to traditional modes of healthcare delivery.
